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Claims 

1 . A fluidized-bed catalyst for propylene ammoxidation, comprising silicon dioxide as 
support and a composite of the following formula: 

A a B b Nac Li d Sr c Fef (Bi[i_g]Ceg) h Ni* Moj 2 O x , 

where A is at least one element selected from the group consisting of potassium, rubidium, 
cesium, thallium, samarium; 

B is one element selected from the group consisting of magnesium, zinc, cobalt, manganese, 
chromium, phosphorus, antimony, boron, tungsten, vanadium or a mixture thereof; 

a, b, c, d, e, f, and i are ratios of A, B, sodium, lithium, strontium, iron, and nickel, 
respectively, to 12 molybdenum atoms, g is the ratio of a cerium atom to the sum of a 
bismuthum and a cerium atom, and h is the ratio between the sum of a bismuthum and a 
cerium atom to 12 molybdenum atoms; where 

a = 0.001 to 0.7; 
b = 0.1 to 10; 
c = 0.01 to 0.7; 

d = 0.01 to 0.7, provided that that a, c and d are 0. 1 to 1.5; 

e = 0.01 to 4; 

f= 0.5 to 4; 

g = 0.3 to 0.8; 

h = 0.5 to 2; 

i = 0.5 to 10; 

x = number of oxygen atoms required to satisfy the valence requirement of the other 
elements present; 

the content of silicon dioxide support in the catalyst is in the range of 30-70 percent by 
weight. 

2. A catalyst based on claim 1 , wherein a, c, and d are all in the range of 0.2 to 1 .0. 

3. A catalyst based on claim 1, wherein e, f, and i are in the range of 0.01 to 2.5, 1 to 3 and 2 to 
8 respectively. 

4. A catalyst based on claim 1 , wherein h is in the range of 0.7 to 2. 

5. A catalyst based on claim 1 , wherein the content of silicon dioxide support in the catalyst is 
in the range of 40-60 percent by weight. 
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Description 

Fluidized-bed catalyst for propylene ammoxidation 

The present invention relates to a fluidized-bed catalyst for propylene ammoxidation, in 
particular, to an acrylonitrile fluidized-bed catalyst produced by propylene ammoxidation with 
strontium, cerium and lithium. 

Acrylonitrile is an important organic industrial material produced by propylene ammoxidation 
reactivity. Continuous investigation has been made into obtaining a highly active and selective 
fluidized-bed catalyst for this purpose, resulting in a series of improvements in catalyst activity. 
Emphasis has been placed upon collocation of the active components in order to increase activity 
and selectivity of the catalyst, thereby increasing the single pass yield rate of acrylonitrile as well 
as the production load. 

In acrylonitrile production facilities, we hope the acrylonitrile catalyst can be used under 
conditions of high propylene load and high reaction pressure, along with achieving a high level 
of reactivity. This has always been the goal for acrylonitrile manufacturers. High loads and high 
pressure reactivity can increase both acrylonitrile yields and the reactor's processing capacity. 
For production facilities of sufficient size, a high load catalyst can decrease catalyst volume and 
expand reactor capabilities, allowing the manufacturer to adjust production yields based on 
market demands. High pressure catalysts can fulfill the increasing demands for environmental 
protection, as the absorption column can utilize the pressure at the top of the column to discharge 
directly into the furnace for combustion, thereby decreasing pollution associated with the release 
of unprocessed waste directly into the air. 

High load and high pressure mean an increase in the density of the propylene, ammonia and 
oxygen in atmosphere of the reaction, requiring that the catalyst be able to process even more of 
the reactant per unit time. Therefore, the nature of the catalyst's reactivity under high load and 
high pressure conditions is reflected in the level of its activity and selectivity, placing a larger 
demand on the overall performance of the catalyst itself. 

US patent 4,228,098 introduced a process of producing acrylonitrile from the ammoxidation 
reaction of propylene using a catalyst with molybdenum, bismuthum, iron, calcium and 
phosphorus as its main active components. It does not use chromium. It is important that 
bismuthum and iron are maintained in fixed proportion to each other in order for the catalyst to 
exhibit a heightened overall performance. The test was done under the following conditions: a 
catalyst in a fluidized bed reactor with a propylene load at 0.050 WWH and pressure at 0.05 MPa 
produced its highest single pass yield of acrylonitrile at 80.9%. Test data for catalysts under high 
propylene load rates and high pressures were not published. Nevertheless, it can be seen from 
the published data that when other reactive conditions remain unchanged, acrylonitrile single 
pass yields produced under 0.05 MPa of pressure are almost 5% lower than those produced under 
normal pressures. The patent suffers from the following shortcomings: 1) A lack of data made 
under conditions of high propylene load rates and high reactivity pressure. This means that the 
production capacity of such facilities is lower; 2) Single pass yield rates of acrylonitrile are not 
very high either. 
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Japanese patents JP7289901 and JP7328441 introduce, respectively, Mo-Bi-Ce-Fe-Co and Mo- 
Bi-Ce-Fe-Ni fluidized bed catalysts for acrylonitrile. These two patents regulate the proportion 
of bismuthum and cerium to each other in the composition of the catalyst, believing that this kind 
of ammoxidation catalyst not only produces higher yields of acrylonitrile, but with extended 
reaction times can effectively prevent yield attrition. The test conditions were 1000 to 2000 g of 
catalyst in a fluidized bed reactor, with pressure at 0.5 kg/cm 2 , a temperature of 430 to 440°C 
and a contact period of 5 to 7 seconds. From our calculations it is seen that the weight of 
propylene load per unit weight of catalyst per hour is about 0.050 WWH, with single pass yields 
of acrylonitrile at 82.0%. However there is no test data presented for acrylonitrile under 
conditions of high load rate and high pressure, and as such the performance of this catalyst under 
those conditions cannot be determined. Japanese patent JP7303836 introduces a a Mo-Bi-Ce-Fe- 
Zn catalyst for acrylonitrile, with test conditions as follows: an internal diameter of 1 cm, 
pressure at 0.5 kg/cm 2 , a temperature of 430°C with 60 g of catalyst in the reactor, in contact for 
a period of 6.0 seconds. According to our calculations, the weight of propylene load per unit 
weight of catalyst per hour is 0.042 WWH, with single pass yields of acrylonitrile at 80.0%. 
This patent does not present data for acrylonitrile under conditions of high load and high 
pressure either, and as such the performance of this catalyst under those conditions cannot be 
determined. 

The goal of this invention is to make up for the lack of data in the abovementioned patents for 
the performance of acrylonitrile under conditions of high load and high pressure. This patent 
presents a new fluidized bed catalyst for propylene ammoxidation, such catalyst being suitable 
for use under conditions of high pressure and high propylene loads. It also is able to maintain 
high activity and high acrylonitrile single pass yield rates. 

The technical proposal of this invention is as follows: A fluidized-bed catalyst for propylene 
ammoxidation, comprising silicon dioxide as support and a composite of the following formula: 

A a B b Nac Li d Sr e Fe f (Bi^Ce^ Ni| Moi 2 O x ; wherein 

A is at least one element selected from the group consisting of potassium, rubidium, 
cesium, thallium, samarium; 

B is one element selected from the group consisting of magnesium, zinc, cobalt, 
manganese, chromium, phosphorus, antimony, boron, tungsten, vanadium or a mixture thereof; 

a, b, c, d, e, f, and i are ratios of A, B, sodium, lithium, strontium, iron, and nickel, 
respectively, to 12 molybdenum atoms, g is the ratio of a cerium atom to the sum of a bismuthum 
and a cerium atom, and h is the ratio between the sum of a bismuthum and a cerium atom to 12 
molybdenum atoms; where 

a = 0.001 to 0.7; 

b = 0.1 to 10; 



4 



July 2, 1999 (99.07.02) 



c = 0.01 to 0.7; 

d = 0.01 to 0.7, provided that that a, c and d are 0. 1 to 1 .5; 

e = 0.01 to 4; 

f= 0.5 to 4; 

g = 0.3 to 0.8; 

h=0.5 to 2; 

i = 0.5 to 10; 

x = number of oxygen atoms required to satisfy the valence requirement of the 
other elements present; 

the content of silicon dioxide support in the catalyst is in the range of 30-70 percent by 
weight; wherein 

a, c, and d are all in the preferred range of 0.2 to 1 .0; 

e, f, and i are in the preferred range of 0.01 to 2.5, 1 to 3 and 2 to 8 respectively; 
h is in the range of 0.7 to 2; 

the content of silicon dioxide support in the catalyst is in the range of 40-60 percent by 

weight. 

In this invention bismuth is partly replaced by cerium to increase catalyst yields and stability. 
The substitution of strongly-alkaline alkali earth metal strontium for an alkali metal, especially 
potassium or other alkali metals, further improves activity of the catalyst and decreases 
production of excessive carbon dioxide. The use of magnesium or zinc can make for a more 
reasonable distribution of post-catalytic reaction products, i.e. the amount of carbon monoxide 
and carbon dioxide produced is reduced. And the addition of lithium to the catalyst helps further 
to increase its activity, etc. The coordinated effect of each component endows the catalyst with a 
heightened performance. Operating under a reactive pressure of 0. 14 MPa, a temperature of 
440°C, a weight of propylene load per unit weight of catalyst per hour at 0.085 WWH, and 
reaching a maximum propylene conversion rate of 98.9%, it exhibits high catalytic activity. The 
single pass yield rate of acrylonitrile is still able to reach 79.7%, and it is suitable for use under 
conditions of high pressure and loads. This makes it very effective. 

The catalyst of the present invention can be prepared by conventional methods; catalyst 
components, support, and water are first mixed to form a paste, followed by spray drying to form 
microspheres, and then calcining. The paste is prepared in accordance with the instructions in 
Chinese patent 87103455.7 (CN1005248B). 
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The raw materials selected for preparing the catalyst of the present invention are as follows: 

Element A preferably originates from its nitrates, hydroxides, or salts which are decomposable to 
oxides. 

The phosphorus, boron, tungsten and vanadium of Element B preferably originate from their 
corresponding acids or ammonium salts; antimony can originate from antimony trioxide, 
antimony pentoxide, antimony sol which can be hydrolyzed to antimony oxides; chromium 
preferably originates from chromium trioxide (the valence state of chromium is 6) chromium 
nitrate, or their mixture; the remaining can originate from their nitrates, hydroxides or oxides or 
salts which are decomposable to oxides. Salts used preferably originate from water soluble 
nitrates. 

The sodium component can be selected from sodium nitrate, sodium hydroxide, sodium silicate, 
or any sodium compound which can be decomposable to oxide. 

The lithium component can be selected from sodium nitrate, sodium hydroxide, sodium silicate, 
or any lithium compound which can be decomposable to oxide. 

The components iron, nickel, bismuth, cerium and strontium can be selected from their oxides or 
their salts which are decomposable to oxides; salts used are preferably water-soluble nitrates. 

The molybdenum component can be selected from molybdenum oxide or ammonium molybdate. 

The catalyst was evaluated in a fluidized-bed reactor having an inner diameter of 38 mm. The 
amount of catalyst used was 400 g, the reaction temperature was 440°C, pressure was 0.14 MPa 
mole ratio of propylene:ammonia:air =1:1 .2:9.8, and WWH was 0.085. 

The definitions for the propylene conversion rate, acrylonitrile selectivity and single pass yield 
rates are as follows: 

Propylene conversion rate (%) = (reaction propylene mole number + propylene load mole 

number) x 100 

Acrylonitrile selectivity (%) = (produced acrylonitrile mole number + reaction propylene mole 

number) x 100 

Acrylonitrile single pass yield rate (%) = (produced acrylonitrile mole number - propylene load 

mole number) x 100 

This invention is elaborated further by the following embodiments. 
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EMBODIMENT 1 

Material A was prepared by dissolving a mixture of 1.8 g cesium nitrate, 3.22 g lithium nitrate, 
2.4 g sodium nitrate and 5.9 g strontium nitrate in 30 g of water by heating. 

Material B was prepared by dissolving 8.4 g chromium trioxide in 8.4 g of water. 

Material C was prepared by dissolving 19.4 g ammonium tungstate in 100 ml of 5 percent by 
weight ammonia water, followed by mixing with a solution of 395.2 g ammonium molybdate in 
325 g water of a temperature ranging from 50°C to 90°C. 

Material D was prepared by dissolving a mixture of 40.7 g bismuth nitrate, 36.5 g cerium nitrate, 
90.0 g magnesium nitrate, 282.1 g nickel nitrate and 135.7 g iron nitrate in 70 g water by heating. 

Material A was mixed with 40 percent by weight silica sol 1250 g, to which materials B, C and 
D were added while stirring. After thoroughly stirring, a paste was formed, which was spray- 
dried according to conventional methods to obtain microspheres, followed by calcining at 610°C 
for 1 hour in a rotating oven with an inner-diameter of 89 mm and a length of 1 700 mm 
(phi.89.times.1700 mm). The prepared catalyst had a composition as follows: 

50% Cso.05 Mgi.9 Cr 0 .45 W 04 5 Nao. 15 Li 0 . 2 3 Sr 0 .i 5 Fe,. 8 Bi 04 5 Ceo. 45 Ni 52 Moi 2 O x + 50% Si0 2 . 



EMBODIMENTS 2 to 9 and COMPARATIVE EXAMPLES 1 to 3 

The catalysts below, with their different components, were prepared basically by the process as 
described in Example 1, and acrylonitrile was produced by a propylene ammoxidation reaction 
under the following reactive conditions with said catalysts. Please see results at chart 1 . 

The reactive conditions for the examples and comparative examples are as follows: 

phi 38 mm fluidized-bed reactor 

temperature: 440 °C 

pressure: 0.14 MPa 

catalyst load: 400 g 

WWH: 0.085/hr 

material ratio (mole): C 3 / NH 3 / air = 1/1 .2/9.8 
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